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ABSTRACT

A series of new substituted/unsubstituted pyrazol e-3-carboxylates (2-3a-d) and isoxazol e-3-carboxylates (4a-d) were
synthesised by the reaction of methyl 4-(substituted/unsubstituted benzofuran-2-yl)-2,4-dioxobutanoates (1a-d) with
active nitrogen-centered nucleophiles (hydrazine hydrate, hydroxylamine hydrochloride and semicarbazide
hydrochloride) involving condensation-cyclodehydration of 2,4-dioxobutanoates. Constitutions of the synthesised
compounds have been delineated on the basis of chemical transformations, elemental analysis, IR, *H NMR, **C
NMR and Mass spectral studies. The title compounds were evaluated for their antimicrobial activity against gram
positive and gram negative bacteria as well as a fungus.
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INTRODUCTION

Benzofuran derivatives are an important class térbeyclic compounds that have attracted much @dieiover the
last few years because of their profound physiclmighnd chemotherapeutic properties and their \pigkesl

occurrence in nature [1]. Synthesis and reactidnvaigous benzofurans, 2,4-dioxobutanoates, isoeazpyrazoles
and its carboxylate derivatives have been repargetier. Among the various routes for the synthedgsyrazoles,
the most convenient is the condensation of 1,3tdiles with hydrazine or substituted hydrazine [2Many

synthetic methods have been employed in the praéparaf isoxazoles [4,5]. Scores of referencesa@lable in

literature which reveals that pyrazoles and thelimted fused heterocycles have attracted muchtiatteof organic
chemist due to their chemotherapeutic and bioldgictivities such as anticancer [6], analgesic amiipyretic [7],

bacteriostatic, bactericidal, fungicidal and antamial [8]. Similarly, derivatives of isoxazole csfitute as an
important heterocycle in view of their use as aesig, fungicides, antinflammmatory, ulcerogenic amticancer
activities [9]. Due to the presence of reactive hgleine group, the 1,3-dicarbonyl part of the dikster can be
easily and efficiently used as a synthon for thetlsgsis of new nitrogen and oxygen heterocycles wirious

organic reagents. This prompted us to explore desipility of the use of 2,4-dioxobutanoates begbenzofuran
moiety in the synthesis of new pyrazoles and izsobes with a carboxylate group as one of the stuasits for the
synthesis of polycyclic systems containing bridgehaitrogen and oxygen heterocycles by using tifererce

procedures [10,11] and to investigate their biatabactivities.

MATERIALSAND METHODS

The melting points were recorded in open capillanparaffin bath and are uncorrected. IR spectnewecorded on

a Shimadzu IR Spectrophotometer (KBr, v max in‘tmtH NMR and™*C NMR spectra are recorded on a Bruker
AM 400 instrument (400 MHz) using tetramethylsilgfiéMS) as an internal reference and DMS£aqad CDC} as
solvent. Chemical Shifts are given in parts petioml(ppm). Positive-ion electrospray ionisatiorS{Emass spectra
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were obtained with a Waters Micromass Q-TOF Midfass Spectrophotometer. Elemental analysis (CHNy wa
done using Elemental analyzer, Vario EL Ill. Aletehemicals used for the synthesis were of AR goddéderck,
S.D.Fine and Aldrich. The reactions were monitotad E.Merck TLC aluminum sheet silica g#hs, and
visualizing the spot in UV Cabinet and iodine chembThe compounds were analyzed for carbon, hyarand
nitrogen the results were in good agreement wighctiiculated values.

Experimental Procedure
General procedure for the synthesis of methyl 4-(substituted/unsubstituted benzofuran-2-yl)-2,4-
dioxobutanoates (1a-d) [12]: 1a-d were prepared by adopting the published refereretéad in the literature.

General procedure for the synthesis of methyl 5-(substituted/unsubstituted benzofuran-2-yl)-1H-pyrazole-3-
carboxylates (2a-d): To a mixture ofla (10 mmol) in acetic acid (10mL), hydrazine hydrégg® mmol) was added
gradually with constant stirring and refluxed fdr. Zhen it was poured in ice cold water, filtere@shed, dried and
further purified by recrystallization by ethanoldbtain2a. Similarly, 2b-d were synthesised frodb-d by adopting
the same procedure followed f2at and their structural ability further proved by sfpakand analytical techniques.
M ethyl 5-(benzofuran-2-yl)-1H-pyrazole-3-car boxylate (2a): White crystalline solid; mp 180-18Z; yield 90%;
M. F. C3sH1003N,; Calculated: C, 64.46; H, 4.13; N, 11.57 Found6€21; H, 4.34; N, 11.77. [13]

M ethyl 5-(5-bromobenzo furan-2-yl)-1H-pyrazole-3-carboxylate (2b): White crystalline solid; mp 221-223°C;
yield 85%; M. F. GHgOsN,Br; IR: 3263, 3153 (NH), 3049 (ArH), 2945 (GH 1690 (C=0), 1595 (C=N),1451,
1445 (C=C), 1270(C-O-C}H NMR: 3.6463 (s, 3H, -COOCH 7.6130-7.8622 (m, 6H, ArH + NH}’C NMR:
53(CHO0), 105, 110, 116, 120, 123, 125, 129, 130, 13D(A4C,;-Cyz), 155(C-0), 169(C=0) MSm/z 322 [M
+H]", 344 [M+Na] Calculated: C, 48.59; H, 2.80; N, 8.72 Found: C728H, 2.75; N, 8.88

M ethyl 5-(5-chlor o-3-methyl benzofuran-2-yl)-1H-pyrazole-3-car boxylate (2¢): White crystalline solid; mp 208-
210°C; yield 81%; M. F. GH1,0sN,Cl; IR: 3290, 3148 (NH), 3039 (ArH), 2950 (GH 1694 (C=0), 1573 (C=N),
1485, 1439 (C=C), 1266 (C-O-C}H NMR: 2.1234 (s, 3H, CH), 3.8754 (s, 3H, -COOCH 6.3222 (s, 1H,
pyrazole CH), 7.2443-7.4577 (m, 4H, ArH) Calculat€d57.93; H, 3.79; N, 9.65 Found: C, 57.58; 623N, 9.64
Methyl 5-(5,7-dichlor o-3-methylbenzo furan-2-yl)-1H-pyrazole-3-car boxylate (2d): White crystalline solid; mp
222-224 °C; yield 80%; M. F. £H:00sN,Cly; IR: 3290, 3148 (NH), 3039 (ArH), 2995 (GK11720 (C=0), 1590
(C=N), 1485, 1439 (C=C), 1265 (C-O-CH NMR: 2.1824 (s, 3H, Ch), 3.9336 (s, 3H, -COOCH 6.1534 (s, 1H,
pyrazole CH), 7.2204-7.4705 (m, 3H, ArH); Calcutht€, 48; H, 3.08; N, 8.62 Found: C, 47.92; H, 3M18.59

General procedure for the synthesis of methyl 5-(substituted/unsubstituted benzofuran-2-yl)-1-carbamoyl-
1H-pyrazole-3-car boxylates (3a-d): To a mixture ofla (5 mmol) in ethanol (10mL), semicarbazide
hydrochloride (10 mmol) and sodium acetate (10 mmare added; the reaction mixture was refluxed4for It
was then concentrated, cooled and poured in ice waker; solid separated out was filtered, wasldegd and
further purified by recrystallization using ethartol give 3a. Similarly, 3b-d were synthesised frorfib-d by
extending the same procedure followed 3arand their structural identities were proved by s@¢@nd analytical
techniques

Methyl 5-(benzofur an-2-yl)-1-carbamoyl-1H-pyrazole-3-car boxylate (3a): White crystalline solid; mp 142-144
C; yield 76%; M. F. GH;,04N3; Calculated: C, 58.94; H, 3.85; N, 14.73 Found: &88; H, 3.68; N, 14.54. [13]

Methyl 5-(5-bromobenzofur an-2-yl)-1-car bamoyl-1H-pyrazole-3-carboxylate (3b): White crystalline solid; mp
190-192°C; yield 68%; M. F. £H10O4N3Br; IR: 3456, 3410, 3258, 3156 (N 3032 (ArH), 2955(Ch), 1722
(C=0), 1690 (C=0), 1599 (C=N), 1375 (C-N), 1274QcE); '"H NMR: 3.9531 (s, 3H,-COOCH 6.1344 (s, 1H,
pyrazole CH), 7.2583-7.8585 (m, 6H, ArH); Calcutat€, 46.15; H, 2. 74; N, 11.54 Found: C, 46.452t89; N,
11.62

Methyl 5-(5-chloro-3-methylbenzofuran-2-yl)-1-car bamoyl-1H-pyrazole-3-car boxylate (3c): White crystalline
solid; mp 169-171°C; yield 70%; M. F.1£1:,0,N:Cl; IR: 3460, 3408, 3253, 3160 (MK 3045 (ArH), 2943 (CH),
1740 (C=0), 1692 (C=0), 1578 (C=N), 1376 (C-N), 626-0O-C);"H NMR: 2.3024 (s, 3H, C§), 3.7531 (s, 3H,-
COOCH,), 6.3110 (s, 1H, pyrazole CH), 7.2339-7.7623 (hi, ArH); **C NMR: 8(CH;), 50(CH0), 105, 109, 112,
120, 121, 124, 125, 135(Arg), 150, 152(C-0), 152, 165(C=0); Calculated: C054H, 3.60; N, 12.61 Found:
C, 53.99; H, 3.88; N, 12.98

Methyl 5-(5,7-dichlor o-3-methylbenzofuran-2-yl)-1-car bamoyl-1H-pyrazole-3-car boxylate (3d):  White
crystalline solid; mp 144-146 °C; yield 65%; M.GsH1:04N5Cl,
Calculated: C, 49.04; H, 2.99; N, 11.44 Found: €00; H, 3.00; N, 11.38
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General procedure for the synthesis of ethyl 5-(substituted/unsubstituted benzofuran-2-yl)-isoxazole-3-
carboxylates (4a-d): To a mixture ofla (10 mmol) in ethanol (200 mL), hydroxylamine hydntaride (20 mmol)
and sodium acetate (20 mmol) were added, the ozastixture was refluxed for 4h, kept overnight,igabtained
was then refluxed for 2h in ethanol (50mL) by addaonc. HCI (I1mL). Excess of the solvent was evajed,
cooled, filtered and washed with water and furtverified by recrystallization using ethanol to gida Similarly,
4b-d were synthesised frortb-d by extending the same procedure followed 4arand their structural identities
were further proved by spectral and analytical méapes.

Ethyl 5-(benzofuran-2-yl)-isoxazole-3-car boxylate (4a): White crystalline solid; mp 80-8Z; yield 90%; M. F.
C14H1104N; Calculated: C, 65.36; H, 4.28; N, 5.45 Found6&.03; H, 4.01; N, 5.39 [13]

Ethyl 5-(5-bromobenzofuran-2-yl)-isoxazole-3-carboxylate (4b): Pale yellow crystalline solid; mp 135-137°C;
yield 88%; M. F. GsH100,NBr; IR: 3032 (ArH), 2975(Ch), 1720 (C=0), 1599 (C=N), 1477, 1459, 1435(C=C),
1260 (C-O-C);'H NMR: 1.4407-1.4763 (t) = 7.12 Hz, 3H, -OChCHs), 4.2361-4.2895 (q) = 7.12 Hz, 2H, -
OCH, CHjy), 7.2395-7.7501 (m, 5H, ArH}3C NMR: 15 (CH), 60 (CHO-), 102, 105, 110, 121, 122, 125, 127, 141
(Ar C;-Cg), 152, 155, 156(C-0), 169(C=0); MB¥z 337 [M+H]", 359 [M+Na] ; Calculated: C, 50.00; H, 2.97; N,
4.17 Found: C, 49.97; H, 2.97; N, 4.10

Ethyl 5-(5-chlor o-3-methylbenzofur an-2-yl)-isoxazole-3-car boxylate (4c): Pale yellow crystalline solid; mp 168-
170°C; vyield 88%; M. F. GH1,O,NCI; IR: 3065 (ArH), 2975, 2954 (CHi 1735 (C=0), 1599 (C=N), 1465,
1448(C=C), 1266 (C-O-CJH NMR: 2.2173 (s, 3H, C}j, 1.4105-1.4462 (] = 7.16 Hz, 3H, -OCKCH;), 4.2860-
4.3397 (g,J = 7.16 Hz, 2H, -OCKCHjy), 7.2124-7.6743 (m, 4H, ArH); Calculated: C, 59.62 3.93; N, 4. 59
Found: C, 58.98; H, 3.58; N, 4.55

Ethyl 5-(5,7-dichlor o-3-methylbenzofuran-2-yl)-isoxazole-3-car boxylate (4d): Pale yellow crystalline solid; mp
162-165 °C; yield 85%; M. F. &H;,0,NCly; 'H NMR: 2.2231 (s, 3H, Ch), 1.4035-1.4391 (1) = 7.12 Hz, 3H, -
OCH,CHjy), 4.2660-4.3194 (gl = 7.12 Hz, 2H, -QCHCH,), 7.2124-7.6743 (m, 3H, ArH); Calculated: C, 53.B9
3.24; N, 4.13 Found: C, 53.15; H, 3.20; N, 4.28

Antimicrobial Activity

All the novel synthesized compounds fr@#a-d have been screened for thigivitro antibacterial activity against
two gram positive strains i.8acillus subtilis (NCIM 2439) andtaphylococcus aureus (NCIM 2079) and two gram
negative strains i.eescherichia coli (NCIM 2064) andPseudomonas aeruginosa (NCIB 8650) by using Mueller
Hinton Agar and antifungal activity against a fusdspergillus niger (NCIM 501) using Sabouraud Dextrose agar
using cup plate agar diffusion method [14] by meiasuthe inhibition zone in mm. The compounds walen at a
concentration of 1mg/mL using Dimethyl Sulphoxid@SO) as negative control. Chloramphenicol wasduse
standard for antibacterial and Kanamycin for aniifal activity. The plates were incubated aiG3for 24 hours for
bacteria and 28 for 72-96 hours for fungus. Zone of inhibitionselbved around the cup after respective incubation
was measured in four directions with the help ofrier Calipers. The inhibitory effects of the syesised
compounds are summarized in the Tdble

RESULTSAND DISCUSSION

Synthesis of methyl 4-(substituted/unsubstitutedzbéuran-2-yl)-2,4-dioxobutanoaté$a-d) by the condensation
of appropriate hetaryl keton@sd and diethyl oxalate in presence of sodium metah&thanol was carried out in
good yields as shown in reaction schehj?2].

Reaction Scheme 1

R o R R
OH ClIN
—>
R KzCO3/Dry acetone \
Ry g0
2 0]
© a-d

The synthesis of the novel compounds fr@aad to 4a-d is described in reaction scherBe he reactions were
monitored by TLC. The identities of the newly syedlzed compound have been established on the dfatigir
elemental analysis and spectral data [15] suclRafH NMR, *C NMR and Mass spectral studies. The analytical
data of the compounds are mentioned. These compaueiek screened for their antimicrobial activities.
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Reaction Scheme 2 NH,NH,.H,0

o

O

NH,CONHNH,.HCI

AcONa/EtOH
R Ry R,
s H E W 1.NH,OH.HCI
¢ CHs H AcONa/EtOH
d CHy Cl cl o
2.Conc.HCI
HO™

Reaction ofla-d with hydrazine hydrate in acetic acid affordzsdd. The IR spectrum db showed a characteristic
NH stretch at 3263 and 3153 ¢nis in evidence of closure of pyrazole ring. Theapal data including IR*H
NMR andC NMR similarly, its mass spectra revealed a [M*igak at 322, which is in agreement with the
molecular formula GHyOsN,Br. Treatment ofla-d with semicarbazide hydrochloride and sodium aeetat
ethanol yielded3a-d. 3c exhibited IR stretch at 3460 and 1376 tdue to NH and C-N of -CONH group
respectivelySimilarly, IR, *H NMR and**C NMR spectral data also confirmed its structuread®ionof 1a-d with
hydroxyl amine hydrochloride and sodium acetatetimanol followed by concentrated HCI furnishésd. The
signal at 1599 crhin IR spectra due to C=N stretch confirms formatid isoxazole ring.*H NMR spectra ofib,
gave a quartet ai 4.2361-4.2895 and a triplet at1.4407-1.4763 ppm due to the presence of —COQEk]
confirmed that transesterification has also ocalsienultaneously.

All the synthesised compounds gave deep red oetvield colouration in response to the hydroxanst fier ester,
confirming their formation. Formulation of theseaction products was based upon the comparativaivitpof
two carbonyl group irla-d the G carbonyl group being more reactive thapc&bonyl group, it gets preferably
attacked by the nucleophilic reagents like hydrazigdrate and semicarbazide hydrochloride to goreesponding
hydrazone intermediate which simultaneously undeirgg closure with elimination of water molecuferih imino
proton of hydrazone residue and the —-OH groumofized G carbonyl group to form the pyrazole ring.

Table 1 —Inhibition zonein (mm) of the compounds 2-4a-d

Antibacterial Antifungal
Compound B. subtilis S aureus E. coli P. aeruginosa A. niger
(NCIM 2439) (NCIM 2079) (NCIM 2064) (NCIB 8650) (NCIM 501)

2a 10 12 11 11 18

2b 14 16 18 20 21

2c 24 29 16 23 21

2d 27 30 19 23 23

3a - - 10 10 20

3b 15 18 19 23 17

3c 25 25 18 21 20

3d 24 26 19 21 19

4a 09 12 10 14 18

4b 15 13 12 11 18

4c 23 28 14 12 20

4d 24 28 15 17 22
Kanamycin - - - - 23
Chloramphenicol 29 32 21 25 -

DMSO - - - - -
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Antimicrobial Activity

The results indicate that the synthesized composhds/ed moderate to good activity against the sedestrains
(Tablel). Compound<£c, 2d, 3c, 3d, 4c and4d showed good activity againBt subtilis andS. aureus, 2b, 2c, 2d,

3b, 3c and 3d showed good activity againkt coli, andP. aeruginosa. While rest of the compounds are found to be
poor or inactive again®. subtilis, S aureus, E. coli andP. aeruginosa. Similarly, all the synthesized compounds
showed strong activity against the funglishiger.

CONCLUSION

In conclusion, we have reported herein synthesisoofie new heterocyclic esters such as pyrazoletxgates
(2,3a-d), and isoxazole-3-carboxylate@la-d) from methyl 4-(substituted/unsubstituted benzoft@ayl)-2,4-
dioxobutanoategla-b). Antimicrobial screening of the synthesized compauméis done and found to possess
moderate to good activity against selected strafitmcteria and fungus.
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